The observed J/ψ suppression in Pb+Pb collisions shows a break in the domain of large transverse energy. It has been proposed to extend the validity of existing models in this domain by introducing an ad hoc factor responsible for transverse energy fluctuations. We derive this result with some modifications.
The observed magnitude and its dependence on transverse energy of J/ψ production in P b+P b collisions at 158 A GeV is the first unambiguous signal for an anomalous mechanism for charmonium suppression, i.e. one which goes beyond what is already observed in protonnucleus collisions. In order to identify the detailed nature of this mechanism, it is important to investigate each of its features and try to predict it using a minimum of adjustable parameters. The past experience has shown that all models succeed to reproduce the data only after several parameters are adjusted. Two years ago, the NA50 collaboration has re-measured the J/ψ suppression in P b+P b collisions in the region of large transverse energy E ⊥ and has corrected the previous results [1] . Now the suppression shows a break in the smooth E ⊥ -dependence around E ⊥ ≃ 100 GeV rather than being flat as in the old data. New explanations are proposed. For an overview of the field, the data and their interpretation we refer to the reviews [2, 3] and the proceedings of the most recent Quark Matter conference [4] .
Within the picture of the quark-gluon plasma the newly observed break is interpreted as the expected onset of J/ψ melting [5] . Two other groups, Capella et al. [6] and Blaizot et al. [7] , modify their previously successfully proposed expressions for the observed J/ψ suppression by introducing a factor
at the appropriate place, without the need of a new parameter. They argue that the newly discovered break in the E ⊥ dependence arises in the regime where the increase in E ⊥ is not caused by a change in impact parameter b, rather by fluctuations in E ⊥ around its mean value Ē ⊥ (b), which is determined by the collision geometry. Larger values of E ⊥ lead to a corresponding larger suppression. For the comover description by Capella et al. the modification by the factor ǫ has too little effect and fails to describe the data, while the ǫ modification to the cut-off model by Blaizot et al. successfully describes the newly observed break. Both authors [6, 7] introduce the factor ǫ on the basis of intuitively motivated arguments.
We try to derive the formula, but are only partially successful and find instead a modified relation, which amounts to 10 − 20 % corrections The expression for the charmonium production cross section in AB collisions can be written
where
represents the part of the suppression (also present in pA collisions) related to propagation of the charmonium through both nuclei, while S F SI is the anomalous part, representing final state interactions with the produced medium, for which various models exist. T A = T A ( s) and T B = T B ( b − s) are the nuclear thickness functions.
For instance, in the comover approach [6] one writes
The suppression function depends on the density of comovers N co y in impact parameter space, in the rapidity interval corresponding to the dimuon trigger, and N f is the corresponding density in pp collisions, while σ co describes the J/ψ absorption on a comoving hadron and is usually taken as the adjustable parameter (of the order of 1 mb).
In the cut-off model [7] one assumes
where the density of participant nucleons in impact parameter space,i.e. is
with n c as the adjusted parameter, representing the threshold density above which J/ψ absorption is 100 % effective. The Θ-function in eq. (5) is then smeared, at the expense of a further parameter.
In order to describe the endpoint behavior of charmonium suppression at large E ⊥ , the factor ǫ of eq. (1) is introduced in front of the factor N co y in eq. (4), implying that the number of comovers fluctuates proportionally to the observed E ⊥ , a very plausible assumption. In eq. (5) for the cut-off model, the factor ǫ multiplies n p , the number of participants. This modification is less obvious. It is not clear why the number of participants in the row where J/ψ is produced should fluctuate according to the global value of E ⊥ . In a central collision practically all nucleons participate, their number is A+B and does not fluctuate. The number of produced particles, on the contrary, does fluctuate. Therefore, if the introduction of the factor ǫ in front of n p has to make sense, we must interpret n p as being proportional to the energy density in the row where J/ψ is produced. This is indeed pointed out in [7] .
The situation is even somewhat more complicated: the hadrons which are observed as transverse energy are measured in a pseudo-rapidity interval 1 ≤ η ≤ 2.3, while the dimuons from J/ψ decay are measured in the rapidity interval 3 ≤ y ≤ 4. It is not obvious why fluctuations in E ⊥ in one rapidity interval should have a bearing on the comovers or more generally on the energy density which suppress the charmonium in another rapidity interval. There must be a mechanism for the cross-talk.
The aim of this paper is to derive the prescriptions which have been introduced by Capella et al. [6] and Blaizot et al. [7] . Our derivation of the corrections to the J/ψ suppression due to fluctuations in the transverse energy is based on the string model in a very general sense.
No specific details of the strings enter the derivation, i.e. no dynamics. We use the concept of string solely to indicate the degree of excitation of participant nucleons. Therefore, our results are more general than the underlying model.
In the first stage of a nucleus-nucleus collision, only nucleons in the same row characterized by b and s interact. During this process strings are formed whose number fluctuates. These strings decay into hadrons and produce the observed E ⊥ . Strings equally contribute to the energy density in the form of a plasma or later comovers, and are thus responsible for additional suppression. The decay products of each string cover a considerable rapidity interval and are thus the mechanism for the cross-talk between different rapidity intervals.
We characterize each row by an index i (instead of their position being given by b and s) and choose the index 1 for the row in which the charmonium is produced. Let us denote by n i the number of strings in row i.
Then the total number of strings N in an event characterized by k rows for a collision at a given impact parameter b is given by N = k i=1 n i . We calculate the distribution of the number N of strings formed in an event under the condition that n 1 strings are produced in row 1. It is ϕ(N; n 1 ) =
where ∆N = N −N, ∆n 1 = n 1 −n 1 and the number of strings in the k − 1 rows fluctuate according to distributions p i (n i ). The second line in eq. (7) follows from the central limit theorem. HereN
where the individual distributions p i (n i ) are characterized by a mean valuen i and a variance σ 2 i . Each string produces a certain transverse energy e i in the rapidity interval of observation. This is again a fluctuating process. The probability distribution to observe a total transverse energy E ⊥ if there are N strings formed in the event is given by
where the transverse energy distribution for an individual string is characterized by the probability function p s (e i ) which has a mean valueē and a variance σ 2 e . The second line is again the approximation for large N. In order to obtain analytical results, we will replace the value N byN in the denominator of the argument of the Gaussian in eq. (10). This is justified if N is large, which is the case of interest here.
The probability distribution to find a particular value of transverse energy E ⊥ in a collision characterized by impact parameter b, under the condition that n 1 strings are produced in row 1 is given by
e andN =N (b). When the sum over n 1 is performed, we obtain the distribution in E ⊥ for events of given impact parameter. As known in the literature
whereĒ ⊥ (b) =ēN(b), and the variance has the form
We will assume that the anomalous suppression depends on n 1 , the number of strings in row 1 where J/ψ is produced, therefore S F SI = S F SI (n 1 ). This assumption is fulfilled in the model by Capella et. al.. It is fulfilled in the model by Blaizot et al., only if we interpret n p ( b, s) as being proportional to the number of strings. We then approximate S F SI (n 1 ) around the geometrically determined mean valuen 1 , that is
where P (E ⊥ , b; n 1 ) and P (E ⊥ , b) are given by eqs. (11) and (12), respectively. Now, ∆n 1 = n 1 −n 1 fluctuates with E ⊥ and we can calculate the mean value (and higher moments) via
The sum over n 1 can be evaluated by going to the continuum limit and using Gaussians everywhere, with the result 
with a > 1. The value of a seems to depend on the rapidity interval in which E ⊥ is observed. 
In the limit a → 1 this expression reduces to the prescription
given by [6, 7] . The result obtained in eq. (18) is satisfactory since it shows that the modification of anomalous suppression in the regime of E ⊥ fluctuations can be calculated fairly reliably, i.e. without too many theoretical assumptions. No fl. Ref. [7] This work Figure 1 : Result of the use of eq. (18) for S F SI in the E ⊥ fluctuation regime. The dot-dashed line refers to the calculation without fluctuations, the dashed line is the calculation of Blaizot et al. [7] and the full line is ours.
If one compares eqs. (18) and (19) one finds that values of a > 1 decrease the correlation of n 1 with E ⊥ . In order to see the numerical importance of this reduction, we have repeated the calculation by Blaizot et al., who used the value a = 1.27, and show our result in Fig. 1 . One sees that the use of the corrected form given in eq. (18) reduces the effect as compared to the original calculation [7] , although it does not invalidate the conclusions. We have not What do we learn ? The relation between fluctuations in E ⊥ and additional J/ψ suppression can be derived in a model based on excited nucleons represented by strings. One arrives at expressions which are physically transparent and in their approximate form have been already guessed. With these relations, the comover model as it stands fails to describe the data, while the cut-off model does well in the large E ⊥ domain without additional adjustable parameters.
